Introduction
We have investigated the influence of a magnetic field on an electroplating Ni 79 Fe 21 film. We have succeeded in formation of Ni 79 Fe 21 (permalloy) film with high permeability by applying the magnetic field vertical to the electric field during electroplating process. In a conventional NiFe electroplating process, the annealing is required to obtain a stable Ni 79 Fe 21 film after electroplating. This process without annealing is useful for Ni 79 Fe 21 film for CMOS integration and flexible devices.
With the advances of portable electronic devices, wireless sensors and MEMS actuators, the self-powered energy sources are needed. To drive these systems over a long time, an improvement of battery technology is also needed. However, conventional energy storage techniques based on chemicals have some problems which are finite life-time and large scale. For the minimization of systems, large scale is serious problem. Therefore, we have studied micro energy harvesting device as MEMS. Especially, we have investigated micro inductors for power generation by electromagnetic induction.
Recently, flexible display and devices using plastic substrates have been investigated. Low temperature process less than 100°C is required to fabricate these devices. However, annealing more than 400°C is needed to obtain a stable Ni 79 Fe 21 film. Therefore, it is important to form the ferromagnetic film with high permeability and low coercivity for core material of micro inductors at low temperature.
This paper reports the characteristics of the electroplated NiFe films which is deposited under the magnetic field without annealing and additives for flexible devices. Fig.1 shows the schematic diagram of the Ni 79 Fe 21 electroplating system to which the magnetic field is applied. A neodymium based magnet is used for applying strong magnetic field. An electroplating Ni 79 Fe 21 film was deposited on a seed Cu layer without and with the magnetic field (∼80 mT) parallel to the micro inductor core. A conventional NiSO 4 and FeSO 4 based solution containing NiCl, H 3 BO 3 and Saccharin was used for electroplating of Ni 79 Fe 21 films at 25°C. The composition ratio of electroplated NiFe films was measured by X-ray photoelectron spectroscopy (XPS). The magnetic properties of the electroplated Ni 79 Fe 21 films were measured using a vibrating sample magnetometer (VSM). Crystal orientation of the electroplated Ni 79 Fe 21 films was analyzed by X-ray diffraction spectrometry (XRD). Fig.2 shows dependence of Ni composition in NiFe film on the electroplating current density. The film with the best composition (NiFe=79:21) as permalloy is deposited at 5A/cm 2 . In the VSM measurement, the samples are measured in the directions (a) parallel and (b) vertical to the magnetic field applied during electroplating as shown in Fig.3 . This shows magnetic field dependence of coercivity in the electroplated Ni 79 Fe 21 films. The difference of coercivity between (a) parallel direction and (b) vertical direction wasn't observed. The coercivity depends slightly on the magnetic field. Fig.4 shows magnetic field dependence of maximum permeability in the electroplated Ni 79 Fe 21 films. The maximum permeability in the parallel direction is lager than that of vertical direction. In addition, it is found that the maximum permeability for the parallel direction increases with increasing the magnetic field. Therefore, maximum permeability of Ni 79 Fe 21 film grows stronger to the same direction as the magnetic field applied during electroplating. It is thought that the NiFe film may have high orientation by applying the magnetic field vertical to the electric field during electroplating process.
Experiment

Results and discussion
The XRD measurements were carried out to examine crystal orientation of the electroplated Ni 79 Fe 21 films. (111) and (200). Therefore, this indicates that the structure of the electroplated Ne 79 Fe 21 films is polycrystalline. Fig.6 shows SEM photograph of patterned Ni 79 Fe 21 film as micro inductor core formed by the electroplating with magnetic field. The inductor core was formed by the electroplating process on pattered photoresist and by wet etching process.
Conclusion
We have achieved formation of Ni 79 Fe 21 film with high permeability applying the magnetic field. Maximum permeability of parallel direction to magnetic field was much larger than that of without magnetic field. In addition, we have succeeded in fabricating the micro inductor core of Ni 79 Fe 21 using electroplating process under condition of magnetic field.
This technology without annealing process can be applied to deposition of Ni 79 Fe 21 for flexible devices. 
